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ONE-BIT MEMORY CELL FOR
NONVOLATILE MEMORY AND ASSOCIATED
CONTROLLING METHOD

FIELD OF THE INVENTION D

The present invention relates to a nonvolatile memory, and
more particularly to a one-bit memory cell for a nonvolatile
memory. The present invention also relates to a method for

controlling the one-bit memory cell. 10
BACKGROUND OF THE INVENTION
As 1s well known, a nonvolatile memory 1s able to continu- s

ously record data after the supplied power is interrupted.
Consequently, the nonvolatile memory 1s widely used 1n a
variety of electronic products.
Generally, the nonvolatile memory may be implemented
by floating gate transistors or anti-fuse transistors. By usinga ,,
proper controlling mechanism, hot carriers may be mjected
into or ¢jected from the floating gate of the floating gate
transistor. Consequently, the nonvolatile memory composed
of floating gate transistors may be used as a multi-time pro-
gramming memory (also referred as a MTP memory). 25
Moreover, the storage state of the anti-fuse transistor 1s
determined according to the ruptured state of the gate oxide
layer of the anti-fuse transistor. After the gate oxide layer 1s
ruptured, the gate oxide layer fails to be recovered. Conse-
quently, the nonvolatile memory composed of anti-fuse tran- 30
s1stors may be used as a one time programming memory (also

referred as an OTP memory).

The nonvolatile memory composed of anti-fuse transistors
1s disclosed in for example U.S. Pat. Nos. 7,402,855 and
6,791,891. However, the one time programming memory 35
fails to be repeatedly programmed and lacks the characteris-
tics of the multi-time programming memory.

SUMMARY OF THE INVENTION

40

The present invention provides a one-bit memory cell for a
nonvolatile memory and a method for controlling the one-bit
memory cell. The one-bit memory cell includes a plurality of
storage units. Each storage unit 1s a combination of a control
transistor and an anti-fuse transistor. The one-bit memory cell 45
of the present invention may be used as a multi-time program-
ming memory or a one time programming memory.

A first embodiment of the present invention provides a
nonvolatile memory. The nonvolatile memory includes a first
one-bit memory cell. The first one-bit memory cell 1s formed 50
on a substrate. The first one-bit memory cell includes a first bit
line and N storage units. Each of the N storage units includes
a first doped region, a second doped region and a third doped
region, which are formed 1n a surface of the substrate. A first
gate structure 1s disposed over a first channel region between 55
the first doped region and the second doped region. A second
gate structure 1s disposed over a second channel region
between the second doped region and the third doped region.
The first doped region of the first storage unit 1s connected to
the first bit line. The first gate structure of the first storage unit 60
1s connected to a first control signal line. The second gate
structure of the first storage unit 1s connected to a first anti-
tuse signal line. The first doped region of the m-th storage unit
1s connected to the third doped region of the (m—1)-th storage
unit. The first gate structure of the m-th storage unit 1s con- 65
nected to an m-th control signal line. The second gate struc-
ture of the m-th storage unit 1s connected to an m-th anti-fuse

2

signal line, wherein m 1s an integer larger than or equal to 2
and smaller than or equal to N.

A second embodiment of the present invention provides a
nonvolatile memory. The nonvolatile memory includes a first
one-bit memory cell. The first one-bit memory cell 1s formed
on a substrate. The first one-bit memory cell includes a first bit
line and N storage units. The N storage units are connected
with each other in series. Each of the N storage units includes
a control transistor and an anti-fuse transistor. A first terminal
ol the control transistor of the first storage unit 1s connected to
the first bit line. A gate terminal of the control transistor of the
first storage unit 1s connected to a first control signal line. A
second terminal of the control transistor of the first storage
unit 1s connected to a first terminal of the anti-fuse transistor
of the first storage unit. A gate terminal of the anti-fuse
transistor of the first storage unit 1s connected to a first anti-
fuse signal line. A first terminal of the control transistor of the
m-th storage unit 1s connected to a second terminal of the
anti-fuse transistor of the (m-1)-th storage unit. A gate ter-
minal of the control transistor of the m-th storage unit 1s
connected to an m-th control signal line. A second terminal of
the control transistor of the m-th storage unit 1s connected to
a first terminal of the anti-fuse transistor of the m-th storage
unmit. A gate terminal of the anti-fuse transistor of the m-th
storage unit 1s connected to an m-th anti-fuse signal line,
wherein m 1s an integer larger than or equal to 2 and smaller
than or equal to N.

A third embodiment of the present invention provides a
nonvolatile memory. The nonvolatile memory includes a first
one-bit memory cell. The first one-bit memory cell 1s formed
on a substrate. The first one-bit memory cell includes a first bit
line and N storage units. Each of the N storage units includes
a first doped region and a second doped region, which are
formed 1n a surface of the substrate. A gate structure 1s dis-
posed over a channel region between the first doped region
and the second doped region. The gate structure includes a
gate oxide layer and a gate conductor layer. The gate oxide
layer includes a first part and a second part. The first part 1s
thicker than the second part. The gate conductor layer 1s
formed over the gate oxide layer. The first doped region of the
first storage unit 1s connected to the first bit line. The gate
structure of the first storage unit 1s connected to a first control
signal line and a first anti-fuse signal line. The first doped
region of the m-th storage unit 1s connected to the second
doped region of the (m-1)-th storage unit. The gate structure
of the m-th storage unit 1s connected to an m-th control signal
line and an m-th anti-fuse signal line, wherein m 1s an integer
larger than or equal to 2 and smaller than or equal to N.

A fourth embodiment of the present invention provides a
method for controlling a one-bit memory cell of a nonvolatile
memory. The one-bit memory cell includes a bit line and N
storage units. The N storage units are connected with each
other 1n series. The bit line 1s connected to the N storage units.
The method includes the following steps. If the one-bit
memory cell needs to be programmed, a x-th storage unit 1s
programmed, so that a storage state of the x-th storage unit 1s
provided when the one-bit memory cell 1s read. If the one-bit
memory cell needs to be erased and re-programmed again, a
(x—1)-th storage unit 1s sequentially adopted for program-
ming instead of x-th storage unit, so that a storage state of the
(x—1)-th storage unit 1s provided when the one-bit memory
cell 1s read, wherein x 1s an integer larger than or equal to 2
and smaller than or equal to N.

A fifth embodiment of the present invention provides a
method for controlling a one-bit memory cell of a nonvolatile
memory. The one-bit memory cell includes a bit line and N
storage units. The N storage units are connected with each
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other in series. The bit line 1s connected to the N storage units.
The method includes the following steps. If the one-bit
memory cell needs to be programmed, the N storage units are
sequentially programmed 1n N program cycles, so that a stor-
age state 1s recorded into all of the N storage units. If the
one-bit memory cell needs to be read, the storage state of the
N storage units 1s provided simultaneously.

Numerous objects, features and advantages of the present
invention will be readily apparent upon a reading of the fol-
lowing detailed description of embodiments of the present
invention when taken in conjunction with the accompanying
drawings. However, the drawings employed herein are for the
purpose of descriptions and should not be regarded as limait-
ng.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more readily apparent to those ordinarily skilled
in the art after reviewing the following detailed description
and accompanying drawings, 1n which:

FIG. 1A 1s a schematic cross-sectional view 1llustrating a
one-bit memory cell for a nonvolatile memory according to a

first embodiment of the present invention;

FIG. 1B 1s a schematic equivalent circuit of the one-bit
memory cell of FIG. 1A;

FIG. 2 1s a schematic equivalent circuit 1llustrating a non-
volatile memory composed of several one-bit memory cells;

FI1G. 3 1s a flowchart illustrating a method of controlling the
one-bit memory cell according to an embodiment of the
present invention, in which the one-bit memory cell 1s used as
a M1P memory;

FIGS. 4 A~4D schematically illustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read at the first time;

FIGS. 5A~5D schematically illustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read at the second
time;

FIGS. 6 A~6D schematically illustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bitmemory cell 1s programmed and read at the third time;

FIGS.7A~7D schematically illustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read at the fourth
time;

FI1G. 8 1s flowchart 1llustrating a method of controlling the
one-bit memory cell according to an embodiment of the
present invention, in which the one-bit memory cell 1s used as
an O1P memory:;

FIGS. 9A~9FE schematically 1llustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read 1n an on state;

FIGS. 10A~10E schematically illustrate the voltages of
associated signals applied to the one-bit memory cell when
the one-bit memory cell 1s programmed and read 1n an off
state;

FIG. 11 1s a schematic cross-sectional view 1llustrating a
one-bit memory cell for a nonvolatile memory according to a
second embodiment of the present invention;

FIG. 12 1s a schematic cross-sectional view 1llustrating a
one-bit memory cell for a nonvolatile memory according to a
third embodiment of the present invention; and

FIG. 13 1s a schematic cross-sectional view 1llustrating a
one-bit memory cell for a nonvolatile memory according to a
fourth embodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1A 1s a schematic cross-sectional view 1llustrating a
one-bit memory cell for a nonvolatile memory according to a
first embodiment of the present invention. The one-bit
memory cell 1s formed on a p-substrate, and comprises a
plurality of serially-connected storage units. For clarification
and brevity, only four storage units SU1, SU2, SU3 and SU4
are shown 1n FIG. 1A. Of course, the number of the serially-
connected storage units may be varied according to the prac-
tical requirements.

The first storage unit SU1 comprises a first n-doped region
11, a second n-doped region 12 and a third n-doped region 13,
which are formed in the surface of the p-substrate. Moreover,
the first n-doped region 11 1s connected to a bit line (BL). A
first channel region i1s formed between the first n-doped
region 11 and the second n-doped region 12. A first gate
structure 1s disposed over the first channel region. A second
channel region 1s formed between the second n-doped region
12 and the third n-doped region 13. A second gate structure 1s
disposed over the second channel region. The first gate struc-
ture comprises a first gate oxide layer 14 and a first gate
conductor layer 15. The second gate structure comprises a
second gate oxide layer 16 and a second gate conductor layer
17. The first gate conductor layer 15 1s connected to a first
control signal line C1. The second gate conductor layer 17 1s
connected to a first anti-fuse signal line AF1.

The configurations of each of the other storage units SU2,
SU3 and SU4 are similar to those of the first storage unit SU1.
That 1s, the second storage unit SU2 comprises a first n-doped
region 21, a second n-doped region 22, and a third n-doped
region 23; the third storage unit SU3 comprises a first n-doped
region 31, a second n-doped region 32, and a third n-doped
region 33; and the fourth storage unit SU4 comprises a first
n-doped region 41, a second n-doped region 42, and a thurd
n-doped region 43. Moreover, each of the storage umts SU2,
SU3 and SU4 has a first gate structure and a second gate
structure. The first gate structure of the second storage unit
SU2 comprises a first gate oxide layer 24 and a first gate
conductor layer 25, and the second gate structure of the sec-
ond storage umit SU2 comprises a second gate oxide layer 26
and a second gate conductor layer 27. The first gate structure
ol the third storage unit SU3 comprises a first gate oxide layer
34 and a first gate conductor layer 35, and the second gate
structure of the third storage unit SU3 comprises a second
gate oxide layer 36 and a second gate conductor layer 37. The
first gate structure of the fourth storage unit SU4 comprises a
first gate oxide layer 44 and a first gate conductor layer 45,
and the second gate structure of the fourth storage unit SU4
comprises a second gate oxide layer 46 and a second gate
conductor layer 47.

In the second storage unit SU2, the first gate conductor
layer 25 1s connected to a second control signal line C2, and
the second gate conductor layer 27 1s connected to a second
anti-fuse signal line AF2. In the third storage unit SU3, the
first gate conductor layer 35 i1s connected to a third control
signal line C3, and the second gate conductor layer 37 1s
connected to a third anti-fuse signal line AF3. In the fourth
storage unit SU4, the first gate conductor layer 45 1s con-
nected to a fourth control signal line C4, and the second gate
conductor layer 47 1s connected to a fourth anti-fuse signal
line AF4.

Please refer to FIG. 1A again. The third n-doped region 13
of the first storage unit SU1 and the first n-doped region 21 of
the second storage unit SU2 are located adjacent to each
other, so that the first storage unit SU1 and the second storage
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unit SU2 are connected with each other in series. In the
practical semiconductor fabricating process, only an n-doped
region 1s formed, wherein a portion of this n-doped region 1s
served as the third n-doped region 13 of the first storage unit
SU1 and the other portion of this n-doped region 1s served as 5
the first n-doped region 21 of the second storage unit SU2.
The other senally-connected storage units are produced by
the similar semiconductor fabricating process, and are not
redundantly described herein.

FIG. 1B 1s a schematic equivalent circuit of the one-bit 10
memory cell of FIG. 1A. The first n-doped region 11, the
second n-doped region 12 and the first gate structure of the
first storage unit SU1 are collaboratively defined as a control
transistor Tc. The second n-doped region 12, the third
n-doped region 13 and the second gate structure are collabo- 15
ratively defined as an anti-fuse transistor Tatf. The control
transistor Tc and the anti-fuse transistor Taf are connected
with each other in series. Similarly, each of the storage units
SU2, SU3 and SU4 comprises a control transistor Tc and an
anti-fuse transistor Taf, which are connected with each other 20
1N series.

Generally, if the gate oxide layer of the anti-fuse transistor
T11s ruptured, the both ends of the capacitor have low imped-
ance. Meanwhile, the storage unit may be considered to be 1n
an on state or a first state. 25

Whereas, 11 the gate oxide layer of the anti-fuse transistor
TT1 1s not ruptured, the anti-tuse transistor TT may be consid-
ered to have a capacitor and a switch element, which are
connected with each other in parallel. Under this circum-
stance, the storage unit may be considered to be 1n an off state 30
or a second state.

FIG. 2 1s a schematic equivalent circuit illustrating a non-
volatile memory composed of several one-bit memory cells.
The nonvolatile memory, which acts as nand-type 1s com-
posed of two or more one-bit memory cells. In this embodi- 35
ment, the nonvolatile memory 1s composed of two one-bit
memory cells. Consequently, the nonvolatile memory can
provide a two-bit data, including the zeroth bit data (BL0) and
the first bit data (BL1). In a case that the nonvolatile memory
1s composed of more than two one-bit memory cells, the way 40
of connecting these one-bit memory cells 1s similar to that of
FIG. 2, and 1s not redundantly described herein. FIG. 2 1s a 4
cycle sample.

In the two one-bit memory cells of FIG. 2, the gates of the
control transistors of all first storage units are connected to the 45
first control signal line C1, and the gates of the anti-fuse
transistors of all first storage units are connected to the first
anti-fuse signal line AF1. The gates of the control transistors
of all second storage units are connected to the second control
signal line C2, and the gates of the anti-fuse transistors of all 50
second storage units are connected to the second anti-fuse
signal line AF2. The gates of the control transistors of all third
storage units are connected to the third control signal line C3,
and the gates of the anti-fuse transistors of all third storage
units are connected to the third anti-fuse signal line AF3. The 55
gates ol the control transistors of all fourth storage units are
connected to the fourth control signal line C4, and the gates of
the anti-fuse transistors of all fourth storage units are con-
nected to the fourth anti-fuse signal line AF4.

The one-bit memory cell of the present invention may be 60
used as a multi-time programming memory (MTP memory)
or a one time programming memory (OTP memory). A
method for controlling the programming, erasing and reading,
actions of the MTP memory will be illustrated in more details
as follows. 65

FI1G. 3 1s flowchart 1llustrating a method of controlling the
one-bit memory cell according to an embodiment of the

6

present invention, in which the one-bit memory cell 1s used as
a MTP memory. Since the one-bit memory cell 1s used as the
MTP memory, the one-bit memory cell can be programmed
and erased many time. In a case that the one-bit memory cell
1s composed of N serially-connected storage units, the one-bit
memory cell can be programmed N times. Moreover, the
storage units of the one-bit memory cell are programmed 1n a
backward programming manner.

As shown 1n FIG. 3, when the one-bit memory cell 1s 1n an
initial state, set x=NN (Step S302). It the one-bit memory cell
needs to be programmed (Step S304), the x-th storage unit 1s
programmed (Step S306). In this step, the x-th storage unit
may be programmed to be 1n an off state or an on state.

Then, 11 the one-bit memory cell needs to be read (Step
S308), the storage state of the x-th storage unit 1s provided

(Step S310). It the one-bit memory cell 1s no longer read but
needs to be erased (Step S308), set x=x-1 (Step S312). Mean-

while, the storage state of the x-th storage unit fails to be read.

Furthermore, 1f the one-bit memory cell needs to be pro-
grammed again (Step S304), another storage unit will be
programmed (Step S306).

Heremaftter, a controlling mechanism of the flowchart of
FIG. 3 will be illustrated by referring to N=4. That 1s, the
one-bit memory cell 1s composed of four serially-connected
storage units. In a case that the one-bit memory cell 1s pro-
grammed at the first time, the storage state (oif state or on
state) 1s recorded 1nto the fourth storage unit. If the data of the
one-bit memory cell needs to be read, the storage state of the
fourth storage unit 1s provided.

After the one-bit memory cell 1s erased at the first time, the
storage state of the fourth storage unit 1s directly abandoned.
That 1s, don’t care (or 1gnore) the storage state of the fourth
storage unit. Then, 1n a case that the one-bit memory cell 1s
programmed again, the storage state (oif state or on state) 1s
recorded into the third storage unit. If the data of the one-bit
memory cell needs to be read, the storage state of the third
storage unit 1s provided.

After the one-bit memory cell 1s erased again, the storage
state of the third storage unit 1s directly abandoned. That 1s,
don’t care the storage state of the third storage unit. Then, 1n
a case that the one-bit memory cell 1s programmed again, the
storage state (off state or on state) 1s recorded into the second
storage unit. If the data of the one-bit memory cell needs to be
read, the storage state of the second storage unit 1s provided.

After the one-bit memory cell 1s erased again, the storage
state of the second storage unit 1s directly abandoned. That 1s,
don’t care the storage state of the second storage umit. Then,
in a case that the one-bit memory cell 1s programmed again,
the storage state (ol state or on state) 1s recorded into the first
storage unit. If the data of the one-bit memory cell needs to be
read, the storage state of the first storage unit 1s provided.

From the above description, 1f N=4, the one-bit memory
cell can be programmed four times. That 1s, the one-bit
memory cell of the present invention can be used as the MTP
memory.

Hereinatter, the voltages of associated signals applied to
the one-bit memory cell when the one-bit memory cell 1s
programmed, erased or read will be illustrated 1n more
details. It 1s assumed that the one-bit memory cell 1s produced
by a standard CMOS fabricating process and the withstand-
ing voltage of each transistor 1s 3.3V, If the voltage applied to
a specified transistor 1s larger than the withstanding voltage,
the gate oxide layer of the specified transistor 1s ruptured.

FIGS. 4 A~4D schematically 1llustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read at the first time.
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Please refer to FIG. 4A. In a case that the one-bit memory
cell 1s programmed at the first time and the on state (1.e. the
first state) 1s recorded 1nto the fourth storage unit, a rupture
voltage (Vpp, e.g. 6V, which 1s varied according to the pro-
cess generation) 1s provided to only the fourth anti-fuse signal
line AF4. An on voltage (Vpp/2, e.g. 3V) 1s provided to the
control signal lines C1~C4 and the anti-fuse signal lines
AF1~AF3. In addition, a programmed Voltage (e.g. OV) 15
provided to the bit line BL. Obviously, since the voltage
applied to the fourth storage unit exceeds the withstanding
voltage, the gate oxide layer of the anti-fuse transistor 1n the
fourth storage unit is ruptured. Consequently, the both ends of
the capacitor in the fourth storage unit have low impedance.
As shown 1n FIG. 4A, the capacitor 1s replaced by a resistor
when the on state 1s recorded into the fourth storage unait.
Under this circumstance, the fourth storage unit 1s considered
to be 1n the on state or the first state.

Please refer to FIG. 4B. In a case that the one-bit memory
cell 1s programmed at the first time and the off state (1.e. the
second state) 1s recorded 1nto the fourth storage unit, a rupture
voltage (e.g. 6V) 1s provided to only the fourth anti-fuse
signal line AF4. An on voltage (e.g. 3V) 1s provided to the
control signal lines C1~C4 and the anti-fuse signal lines
AF1~AF3. In addition, a non-programmed voltage (e.g. 3V)
1s provided to the bit line BL. Obviously, the gate oxide layer
of the anti-fuse transistor in the fourth storage unit 1s not
ruptured. Consequently, the both ends of the capacitor in the
tourth storage unit have high impedance. Under this circum-
stance, the fourth storage unit 1s considered to be in the off
state or the second state. Furthermore, the non-programmed
voltage (e.g. 3V) provided to the bit line BL 1s also called as
the program inhibition. That i1s to say, when the non-pro-
grammed voltage (e.g. 3V) 1s provided to the bit line BL 1n
program inhibition, the prior programmed storage unit (1n the
on state or oif state) 1s maintained and will not be influenced
or programmed again.

Please refer to FIG. 4C. After the one-bit memory cell 1s
programmed at the first time and the on state (1.e. the first
state) 1s recorded into the fourth storage unit, the one-bit
memory cell 1s read. Under this circumstance, a read control
voltage (e.g. 1V) 1s provided to the control signal lines C1~C4
and the anti-fuse signal lines AF1~AF4. In addition, a bit line
reading voltage (e.g. 0V) 1s provided to the bit line BL. As
shown 1n FIG. 4C, since the gate oxide layer of the anti-fuse
transistor 1n the fourth storage unit has been ruptured and the
both ends of the capacitor 1n the fourth storage unit have low
impedance, a larger reading current Ir may flow from the
fourth anti-fuse signal line AF4 to the bit line BL. Al

ter the
reading current Ir 1s sensed by a sense amplifier (not shown),
the on state (1.e. the first state) of the one-bit memory cell 1s
detected. According to the present invention, the voltage pro-
vided to the control signal lines C1~C4 and the anti-fuse
signal lines AF1~AF4 1s the read control voltage (e.g. 1V)
when reading the one-bit memory cell. However, the voltages
provided to the control signal lines C1~C4 and the anti-fuse
signal lines AF1~AF4 could be different. For example, a first
read control voltage (e.g. 1V) 1s provided to the control signal
lines C1~C4 and a second read control voltage (e.g. 1.2V) 1s
provided to the anti-fuse signal lines AF1~AF4 when reading
the one-bit memory cell.

Please refer to FIG. 4D. After the one-bit memory cell 1s
programmed at the first time and the oif state (1.e. the second
state) 1s recorded into the fourth storage unit, the one-bit
memory cell 1s read. Under this circumstance, a read control
voltage (e.g. 1V) 1s provided to the control signal lines C1~C4
and the anti-fuse signal lines AF1~AF4. In addition, a bit line
reading voltage (e.g. 0V) 1s provided to the bit line BL. As
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shown 1n FIG. 4D, since the gate oxide layer of the anti-fuse
transistor 1n the fourth storage unit has not been ruptured and
the both ends of the capacitor 1n the fourth storage unit have
high impedance, a tiny reading current Ir (nearly zero) may
flow from the fourth anti-fuse signal line AF4 to the bit line
BL. After the reading current Ir 1s sensed by a sense amplifier
(not shown), the off state (1.e. the second state) of the one-bit
memory cell 1s detected.

After the one-bit memory cell 1s erased at the first time, the
storage state of the fourth storage unit 1s directly abandoned.
Then, regardless of whether the one-bit memory cell 1s pro-
grammed or read, an off voltage (e.g. O0V) 1s provided to the
tourth control signal line C4 and the fourth anti-fuse signal
line AF4. Consequently, the subsequent programming actions
and reading actions are not influenced by the storage state of
the fourth storage unit.

FIGS. SA~5D schematically 1llustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read at the second
time.

Please refer to FIG. 5A. In a case that the one-bit memory
cell 1s programmed at the second time and the on state (1.e. the
first state) 1s recorded into the third storage unit, a rupture
voltage (e.g. 6V) 1s provided to only the third anti-fuse signal
line AF3. An on voltage (e.g. 3V) 1s provided to the control
signal lines C1~C3 and the anti-fuse signal lines AF1~AF2.
In addition, a programmed voltage (e.g. 0V) 1s provided to the
bit line BL. Obviously, since the voltage applied to the third
storage unit exceeds the withstanding voltage, the gate oxide
layer of the anti-fuse transistor in the third storage unit i1s
ruptured. Consequently, the both ends of the capacitor 1n the
third storage unit have low impedance. Under this circum-
stance, the third storage unit 1s considered to be in the on state
or the first state. Furthermore, since the off voltage (0V) 1s
provided to the control signal line C4, the second program
action 1s not mfluenced by the storage state of the fourth
storage unit.

Please refer to FIG. 3B. In a case that the one-bit memory
cell 1s programmed at the second time and the off state (1.e. the
second state) 1s recorded into the third storage unit, a rupture
voltage (e.g. 6V) 1s provided to only the third anti-fuse signal
line AF3. An on voltage (e.g. 3V) 1s provided to the control
signal lines C1~C3 and the anti-fuse signal lines AF1-~AF2.
In addition, a non-programmed voltage (e.g. 3V) 1s provided
to the bit line BL. Obviously, the gate oxide layer of the
anti-fuse transistor in the third storage unit 1s not ruptured.
Consequently, the both ends of the capacitor in the third
storage unit have high impedance. Under this circumstance,
the third storage unit 1s considered to be in the off state or the
second state. The same, the non-programmed voltage (e.g.
3V) provided to the bit line BL 1s capable of protecting the
prior programmed storage unit from being programmed again
in the program inhibition.

Please refer to FIG. 5C. After the one-bit memory cell 1s
programmed at the second time and the on state (1.e. the first
state) 1s recorded into the third storage unit, the one-bit
memory cell 1s read. Under this circumstance, a read control
voltage (e.g. 1V)1s provided to the control signal lines C1~C3
and the anti-fuse signal lines AF1~AF3. In addition, a bit line
reading voltage (e.g. OV) 1s provided to the bit line BL. As
shown 1n FIG. 5C, since the gate oxide layer of the anti-fuse
transistor in the third storage unit has been ruptured and the
both ends of the capacitor 1n the third storage unit have low
impedance, alarger reading current Ir may tlow from the third
anti-fuse signal line AF3 to the bit line BL. After the reading
current Ir 1s sensed by a sense amplifier (not shown), the on
state (1.e. the first state) of the one-bit memory cell 1s detected.
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Please refer to FIG. SD. After the one-bit memory cell 1s
programmed at the second time and the off state (1.e. the
second state) 1s recorded into the third storage unit, the one-
bit memory cell 1s read. Under this circumstance, a read
control voltage (e.g. 1V) 1s provided to the control signal lines

C1~C3 and the anti-fuse signal lines AF1~AF3. In addition, a

bit line reading voltage (e.g. 0V) 1s provided to the bit line BL.
As shown 1n FIG. 5D, since the gate oxide layer of the anti-
fuse transistor 1n the third storage unit has not been ruptured
and the both ends of the capacitor in the third storage unit have
high impedance, a tiny reading current Ir (nearly zero) may
flow from the third anti-fuse signal line AF3 to the bit line BL.
After the reading current Ir 1s sensed by a sense amplifier (not
shown), the off state (i.e. the second state) of the one-bit
memory cell 1s detected.

After the one-bit memory cell 1s erased at the second time,
the storage state of the third storage umit 1s directly aban-
doned. Then, regardless of whether the one-bit memory cell 1s
programmed or read, an oif voltage (e.g. 0V) 1s provided to
the control signal lines C3~C4 and the anti-fuse signal lines
AF3~AF4. Consequently, the subsequent programming,
actions and reading actions are not influenced by the storage
states of the third storage unit and the fourth storage unit.

FIGS. 6 A~6D schematically illustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read at the third time.

Please refer to FIG. 6 A. In a case that the one-bit memory
cell 1s programmed at the third time and the on state (i.e. the
first state) 1s recorded into the second storage unit, a rupture
voltage (e.g. 6V) 1s provided to only the second anti-fuse
signal line AF2. An on voltage (e.g. 3V) 1s provided to the
control signal lines C1~C2 and the first anti-fuse signal line
AF1. Inaddition, a programmed voltage (e.g. 0V) 1s provided
to the bit line BL. Obviously, since the voltage applied to the
second storage unit exceeds the withstanding voltage, the
gate oxide layer of the anti-fuse transistor 1n the second stor-
age unit 1s ruptured. Consequently, the both ends of the
capacitor in the second storage unit have low impedance.
Under this circumstance, the second storage unit 1s consid-
ered to be 1n the on state or the {first state.

Please refer to FIG. 6B. In a case that the one-bit memory
cell 1s programmed at the third time and the off state (1.e. the
second state) 1s recorded into the second storage unit, a rup-
ture voltage (e.g. 6V)1s provided to only the second anti-fuse
signal line AF2. An on voltage (e.g. 3V) 1s provided to the
control signal lines C1~C2 and the first anti-fuse signal line
AF1. In addition, a non-programmed voltage (e.g. 3V) 1s
provided to the bit line BL. Obviously, the gate oxide layer of
the anti-fuse transistor in the second storage unit 1s not rup-
tured. Consequently, the both ends of the capacitor in the
second storage unit have high impedance. Under this circum-
stance, the second storage unit 1s considered to be 1n the off
state or the second state.

Please refer to FIG. 6C. After the one-bit memory cell 1s
programmed at the third time and the on state (1.e. the first
state) 1s recorded into the second storage unit, the one-bit
memory cell 1s read. Under this circumstance, a read control
voltage (e.g. 1V) 1s provided to the control signal lines C1~C2
and the anti-fuse signal lines AF1~AF2. In addition, a bit line
reading voltage (e.g. 0V) 1s provided to the bit line BL. As
shown 1n FIG. 6C, since the gate oxide layer of the anti-fuse
transistor in the second storage unit has been ruptured and the
both ends of the capacitor 1n the second storage unit have low
impedance, a larger reading current Ir may flow from the
second anti-fuse signal line AF2 to the bit line BL. After the
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reading current Ir 1s sensed by a sense amplifier (not shown),
the on state (1.e. the first state) of the one-bit memory cell 1s
detected.

Please refer to FIG. 6D. After the one-bit memory cell 1s
programmed at the third time and the off state (i.e. the second
state) 1s recorded into the second storage unit, the one-bit
memory cell 1s read. Under this circumstance, a read control
voltage (e.g. 1V) 1s provided to the control signal lines C1~C2
and the anti-fuse signal lines AF1~AF2. In addition, a bit line
reading voltage (e.g. OV) 1s provided to the bit line BL. As
shown 1n FIG. 6D, since the gate oxide layer of the anti-fuse
transistor in the second storage unit has not been ruptured and
the both ends of the capacitor in the second storage unit have
high impedance, a tiny reading current Ir (nearly zero) may
flow from the second anti-fuse signal line AF2 to the bit line
BL. After the reading current Ir 1s sensed by a sense amplifier
(not shown), the off state (1.e. the second state) of the one-bit
memory cell 1s detected.

After the one-bit memory cell 1s erased at the third time, the
storage state of the second storage unit 1s directly abandoned.
Then, regardless of whether the one-bit memory cell 1s pro-
grammed or read, an off voltage (e.g. O0V) to the control signal
lines C2~C4 and the anti-fuse signal lines AF2~AF4. Conse-
quently, the subsequent programming actions and reading
actions are not influenced by the storage states of the second,
third storage and fourth storage units.

FIGS. 7A~TD schematically 1llustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read at the fourth
time.

Please refer to FIG. 7A. In a case that the one-bit memory
cell 1s programmed at the fourth time and the on state (1.¢. the
first state) 1s recorded into the first storage unit, a rupture
voltage (e.g. 6V) 1s provided to only the first anti-fuse signal
line AF1. An on voltage (e.g. 3V) 1s provided to the first
control signal line C1. In addition, a programmed voltage
(e.g. O0V) 1s provided to the bit line BL. Obviously, since the
voltage applied to the first storage unit exceeds the withstand-
ing voltage, the gate oxide layer of the anti-fuse transistor 1n
the first storage unit 1s ruptured. Consequently, the both ends
ol the capacitor 1n the first storage unit have low impedance.
Under this circumstance, the first storage unit 1s considered to
be 1n the on state or the first state.

Please refer to FI1G. 7B. In a case that the one-bit memory
cell 1s programmed at the fourth time and the off state (1.e. the
second state) 1s recorded into the first storage unit, a rupture
voltage (e.g. 6V) 1s provided to only the first anti-fuse signal
line AF1. An on voltage (e.g. 3V) 1s provided to first control
signal line C1. In addition, a non-programmed voltage (e.g.
3V) 1s provided to the bit line BL. Obviously, the gate oxide
layer of the anti-fuse transistor in the first storage unit 1s not
ruptured. Consequently, the both ends of the capacitor 1n the
first storage unit have high impedance. Under this circum-
stance, the first storage unit 1s considered to be 1n the off state
or the second state.

Please refer to FIG. 7C. After the one-bit memory cell 1s
programmed at the fourth time and the on state (i.e. the first
state) 1s recorded into the first storage unit, the one-bit
memory cell 1s read. Under this circumstance, a read control
voltage (e.g. 1V) 1s provided to the first control signal line C1
and the first anti-fuse signal line AF1. In addition, a bit line
reading voltage (e.g. OV) 1s provided to the bit line BL. As
shown 1n FIG. 7C, since the gate oxide layer of the anti-fuse
transistor in the first storage unit has been ruptured and the
both ends of the capacitor 1n the first storage unit have low
impedance, a larger reading current Ir may tlow from the first
anti-fuse signal line AF1 to the bit line BL. After the reading
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current Ir 1s sensed by a sense amplifier (not shown), the on
state (1.e. the first state) of the one-bit memory cell 1s detected.

Please refer to FIG. 7D. After the one-bit memory cell 1s
programmed at the third time and the off state (1.e. the second
state) 1s recorded into the first storage unit, the one-bit
memory cell 1s read. Under this circumstance, a read control
voltage (e.g. 1V) 1s provided to the first control signal line C1
and the first anti-fuse signal line AF1. In addition, a bit line
reading voltage (e.g. 0V) 1s provided to the bit line BL. As
shown 1n FIG. 7D, since the gate oxide layer of the anti-fuse
transistor 1n the first storage unit has not been ruptured and the
both ends of the capacitor 1n the first storage unit have high
impedance, a tiny reading current Ir (nearly zero) may flow
trom the first anti-fuse signal line AF1 to the bitline BL. After
the reading current Ir 1s sensed by a sense amplifier (not
shown), the off state (i.e. the second state) of the one-bit
memory cell 1s detected.

From the above discussions, the one-bit memory cell of the
present invention may be applied to a nonvolatile memory
and have the function of the MTP memory.

Moreover, the one-bit memory cell of the present invention
may be used as a one time programming memory (OTP
memory). A method for controlling the programming and
reading actions of the OTP memory will be 1llustrated in more
details as follows.

FIG. 8 1s tlowchart illustrating a method of controlling the
one-bit memory cell according to an embodiment of the
present invention, in which the one-bit memory cell 1s used as
an OTP memory. Since the one-bit memory cell 1s used as the
OTP memory, the one-bit memory cell can be programmed
once and cannot be erased. In a case that the one-bit memory
cell 1s composed of N serially-connected storage umits, for
programming the one-bit memory cell, an identical storage
state 1s recorded into all of the N storage units 1n a backward
programming manner.

As shown 1n FIG. 8, when the one-bit memory cell 1s 1n an
initial state, set x=N (Step S802). If the one-bit memory cell
needs to be programmed (Step S804 ), the x-th storage unit 1s
programmed (Step S806).

That 1s, the storage state 1s recorded into the x-th storage
unit. Then, set x=x-1 (Step S808), and go back to the step
S806 until x=0 (Step S810). The steps S806, S808 and S810
are employed to sequentially record the storage state in N
storage units 1n N program cycles.

Then, if the one-bit memory cell needs to be read (Step
S812), the storage state of the N storage units 1s provided
simultaneously (Step S814).

Hereinafter, a controlling mechanism of the flowchart of
FIG. 8 will be illustrated by referring to N=4. That 1s, the
one-bit memory cell 1s composed of four serially-connected
storage units. In a case that the one-bit memory cell 1s pro-
grammed, the storage state (ol state or on state) 1s recorded
into the all of the four storage units. If the data of the one-bit
memory cell needs to be read, the identical storage state of the
four storage units 1s provided simultaneously.

Hereinatter, the voltages of associated signals applied to
the one-bit memory cell when the one-bit memory cell 1s
programmed or read will be illustrated 1n more details. It 1s
assumed that the one-bit memory cell 1s produced by a stan-
dard CMOS fabricating process and the withstanding voltage
of each transistor 1s 3.3V. I the voltage applied to a specified
transistor 1s larger than the withstanding voltage, the gate
oxide layer of the specified transistor 1s ruptured.

FIGS. 9A~9FE schematically 1llustrate the voltages of asso-
ciated signals applied to the one-bit memory cell when the
one-bit memory cell 1s programmed and read 1n an on state.
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Please refer to FIG. 9A. During a first program period, the
on state (1.e. the first state) 1s recorded into the fourth storage
unit. Under this circumstance, a rupture voltage (e.g. 6V) 1s
provided to only the fourth anti-fuse signal line AF4. An on
voltage (e.g. 3V) 1s provided to the control signal lines C1~C4
and the anti-fuse signal lines AF1~AF3. In addition, a pro-
grammed voltage (e.g. O0V) 1s provided to the bit line BL.
Obviously, since the voltage applied to the fourth storage unit
exceeds the withstanding voltage, the gate oxide layer of the
anti-fuse transistor in the fourth storage unit i1s ruptured.
Consequently, the both ends of the capacitor 1n the fourth
storage unit have low impedance. Under this circumstance,
the fourth storage unit 1s considered to be 1n the on state or the
first state.

Please refer to FIG. 9B. During a second program period,
the on state (1.e. the first state) 1s recorded into the third
storage unit. Under this circumstance, an off voltage (e.g. 0V)
1s provided to the fourth control signal line C4 and the fourth
anti-fuse signal line AF4. A rupture voltage (e.g. 6V) 1s pro-
vided to the third anti-fuse signal line AF3. An on voltage (e.g.
3V) 1s provided to the control signal lines C1~C3 and the
anti-fuse signal lines AF1~AF2. In addition, a programmed
voltage (e.g. OV) 1s provided to the bit line BL. Obviously,
since the voltage applied to the third storage unit exceeds the
withstanding voltage, the gate oxide layer of the anti-fuse
transistor in the third storage unit 1s ruptured. Consequently,
the both ends of the capacitor in the third storage unit have
low 1impedance. Under this circumstance, the third storage
unit 1s considered to be 1n the on state or the first state.

Please refer to FI1G. 9C. During a third program period, the
on state (1.e. the first state) 1s recorded into the second storage
unit. Under this circumstance, an oif voltage (e.g. O0V) 1s
provided to the control signal lines C3~C4 and the anti-fuse
signal lines AF3~AF4. A rupture voltage (e.g. 6V ) 1s provided
to the second anti-fuse signal line AF2. An on voltage (e.g.
3V)1s provided to the control signal lines C1~C2 and the first
anti-fuse signal line AF1. In addition, a programmed voltage
(e.g. O0V) 1s provided to the bit line BL. Obviously, since the
voltage applied to the second storage unmit exceeds the with-
standing voltage, the gate oxide layer of the anti-fuse transis-
tor 1n the second storage unit 1s ruptured. Consequently, the
both ends of the capacitor in the second storage unit have low
impedance. Under this circumstance, the second storage unit
1s considered to be 1n the on state or the first state.

Please refer to FIG. 9D. During a fourth program period,
the on state (1.¢. the first state) 1s recorded 1nto the first storage
unit. Under this circumstance, an oif voltage (e.g. O0V) 1s
provided to the control signal lines C2~C4 and the anti-fuse
signal lines AF2~AF4. A rupture voltage (e.g. 6V ) 1s provided
to first anti-fuse signal line AF1 provides. An on voltage (e.g.
3V) 1s provided to first control signal line C1. In addition, a
programmed voltage (e.g. 0V) 1s provided to the bit line BL.
Obviously, since the voltage applied to the first storage unit
exceeds the withstanding voltage, the gate oxide layer of the
anti-fuse transistor in the first storage unit 1s ruptured. Con-
sequently, the both ends of the capacitor 1n the first storage
umt have low impedance. Under this circumstance, the first
storage unit 1s considered to be 1n the on state or the first state.

Please refer to FIG. 9E. After the on state (1.¢. the first state)
1s recorded into all of the four storage units, for reading the
one-bit memory cell, a read control voltage (e.g. 1V) 1s pro-
vided to the control signal lines C1~C4 and the anti-fuse
signal lines AF1~AF4. In addition, a bit line reading voltage
(e.g. 0V) 1s provided to the bit line BL.. As shown in FIG. 9E,
since the gate oxide layers of the anti-fuse transistors 1n the
four storage units have been ruptured and the impedance 1s
low, the sum of the currents flowing from all anti-fuse signal
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lines to the bit line BL 1s equal to a reading current Ir. Obvi-
ously, the reading current Ir 1s very high. After the reading
current Ir 1s sensed by a sense amplifier (not shown), the on
state (1.e. the first state) of the one-bit memory cell 1s detected.
According to the present invention, the voltage provided to
the control signal lines C1~C4 and the anti-fuse signal lines
AF1~AF4 1s the read control voltage (e.g. 1V) when reading,
the one-bit memory cell. However, the voltages provided to
the control signal lines C1~C4 and the anti-fuse signal lines
AF1~AF4 could be different. For example, a first read control
voltage (e.g. 1V) 1s provided to the control si gnal lines C1~C4
and a second read control voltage (e.g. 1.2V) 1s provided to
the anti-fuse signal lines AF1~AF4 when reading the one-bit
memory cell.

In the above embodiment, the one-bit memory cell of the
present invention 1s used as the OTP memory. Whenever the
gate oxide layer 1s ruptured successiully during one program
cycle, the one-bit memory cell may be considered to be in the
on state (1.e. the first state) according to the reading current.
Consequently, even if the semiconductor fabricating process
1s subject to deviation and the gate oxide layer fails to be
successiully ruptured during some program periods, the stor-
age state of the one-bitmemory cell can be accurately judged.

FIGS. 10A~10F schematically illustrate the voltages of
associated signals applied to the one-bit memory cell when
the one-bit memory cell 1s programmed and read 1n an off
state.

Please referto FIG. 10A. During a first program period, the
off state (1.e. the second state) 1s recorded mto the fourth
storage umt. Under this circumstance, a rupture voltage 1s
provided to only the fourth anti-fuse signal line AF4 (e.g. 6V).
An on voltage (e.g. 3V) 1s provided to the control signal lines
C1~C4 and the anti-fuse signal lines AF1~AF3. In addition, a
non-programmed voltage (e.g. 3V) 1s provided to the bit line
BL. Obviously, the gate oxide layer of the anti-fuse transistor
in the fourth storage unit 1s not ruptured. Consequently, the
both ends of the capacitor in the fourth storage unit have high
impedance. Under this circumstance, the fourth storage unit
1s considered to be 1n the off state or the second state.

Please retfer to FIG. 10B. During a second program period,
the off state (1.e. the second state) 1s recorded into the third
storage unit. Under this circumstance, an off voltage (e.g. 0V)
1s provided to the fourth control signal line C4 and the fourth
anti-fuse signal line AF4. A rupture voltage (e.g. 6V) 1s pro-
vided to the third anti-fuse signal line AF3. An on voltage (e.g.
3V) 1s provided to the control signal lines C1~C3 and the
anti-fuse signal lines AF1~AF2. In addition, a non-pro-
grammed voltage (e.g. 3V) 1s provided to the bit line BL.
Obviously, the gate oxide layer of the anti-fuse transistor 1n
the third storage unit 1s not ruptured. Consequently, the both
ends of the capacitor 1n the third storage unit have high
impedance. Under this circumstance, the third storage unit 1s
considered to be 1n the off state or the second state.

Please refer to FIG. 10C. Durning a third program period,
the off state (1.e. the second state) 1s recorded 1nto the second
storage unit. Under this circumstance, an off voltage (e.g. 0V)
1s provided to the control signal lines C3~C4 and the anti-fuse
signal lines AF3~AF4. A rupture voltage (e.g. 6V)1s provided
to the second anti-fuse signal line AF2. An on voltage (e.g.
3V)1s provided to the control signal lines C1~C2 and the first
anti-fuse signal line AF1. In addition, a non-programmed
voltage (e.g. 3V) 1s provided to the bit line BL. Obviously, the
gate oxide layer of the anti-fuse transistor 1n the second stor-
age unit 1s not ruptured. Consequently, the both ends of the
capacitor in the second storage unit have high impedance.
Under this circumstance, the second storage unit 1s consid-
ered to be 1n the off state or the second state.
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Please refer to FIG. 10D. During a fourth program period,
the off state (1.e. the second state) 1s recorded into the first
storage unit. Under this circumstance, an off voltage (e.g. 0V)
1s provided to the control signal lines C2~C4 and the anti-fuse
signal lines AF2~AF4. A rupture voltage (e.g. 6V ) 1s provided
to the first anti-fuse signal line AF1. An on voltage (e.g. 3V)
1s provided to the first control signal line C1. In addition, a
non-programmed voltage (e.g. 3V) 1s provided to the bit line
BL. Obviously, the gate oxide layer of the anti-fuse transistor
in the first storage unit 1s not ruptured. Consequently, the both
ends of the capacitor 1n the first storage unit have high imped-
ance. Under this circumstance, the first storage unit 1s con-
sidered to be 1n the off state or the second state.

Please refer to FIG. 10E. After the off state (1.e. the second
state) 1s recorded 1nto all of the four storage units, for reading
the one-bit memory cell, a read control voltage (e.g. 1V) 1s
provided to the control signal lines C1~C4 and the anti-fuse
signal lines AF1~AF4. In addition, a bit line reading voltage
(e.g. 0V)1s provided to the bitline BL.. As shown in FIG. 10E,
since the gate oxide layers of the anti-fuse transistors 1n the
four storage units have been not ruptured and the impedance
1s high, all currents flowing from all anti-fuse signal lines to
the bit line BL are very low. Obviously, the reading current Ir
1s also very low. After the reading current Ir 1s sensed by a
sense amplifier (not shown), the off state (1.e. the second state)
of the one-bit memory cell 1s detected.

From the above discussions, the one-bit memory cell of the
present mvention may be applied to a nonvolatile memory
and have the function of the OTP memory.

It 1s noted that, however, those skilled 1n the art will readily
observe that numerous modifications and alterations of the
storage units may be made while retaining the teachings of the
invention.

FIG. 11 1s a schematic cross-sectional view 1llustrating a
one-bit memory cell for a nonvolatile memory according to a
second embodiment of the present invention. Except that the
first gate oxide layers 14', 24', 34' and 44' are respectively
thicker than the second gate 0x1de layers 16', 26', 36' and 46',
the configurations of the storage units SU1, SU2, SU3 and
SU4 of FIG. 11 are substantially identical to those of FIG. 1A.
Consequently, during the process of programming the storage
umt, the rupture voltage may be reduced or the second gate
oxide layer 16', 26', 36' and 46' may be ruptured more easily.

FIG. 12 1s a schematic cross-sectional view 1illustrating a
one-bit memory cell for a nonvolatile memory according to a
third embodiment of the present invention. Since the storage
units SU1, SU2, SU3 and SU4 have 1dentical configurations,
only the first storage umt SU1 will be 1llustrated as follows.

As shown 1n FIG. 12, the first storage umt SU1 comprises
a first n-doped region 91 and a second n-doped region 92,
which are formed 1n the surface of a p-substrate. Moreover,
the first n-doped region 91 1s connected to a bit line (BL). A
channel region 1s formed between the first n-doped region 91
and the second n-doped region 92. A gate structure 1s disposed
over the channel region. The gate structure comprises a gate
oxide layer and a gate conductor layer 98. The gate oxide
layer comprises a first part 95 and a second part 96, wherein
the first part 95 1s thicker than the second part 96. The gate
conductor layer 98 i1s formed over the first part 95 and the
second part 96 of the gate oxide layer. A first control signal
line C1 1s connected to the portion of the gate conductor layer
98 overlying the first part 95 of the gate oxide layer. A first
anti-fuse signal line AF1 1s connected to the portion of the
gate conductor layer 98 overlying the second part 96 of the
gate oxide layer.

In the third embodiment, the storage unit 1s implemented
by a single transistor. The first part 95 of the gate oxide layer
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and the gate conductor layer 98 are collaboratively functioned
as a first gate structure of the control transistor. The second
part 96 of the gate oxide layer and the gate conductor layer 98
are collaboratively functioned as the second gate structure of
an anti-fuse transistor. The one-bit memory cell of the third
embodiment may also be used an OTP memory or a MTP
memory. The controlling mechanism of the one-bit memory
cell of the third embodiment 1s similar to that of the first
embodiment, and 1s not redundantly described herein.

In the above embodiments, all storage units of the one-bit
memory cell have 1dentical configurations. Alternatively, in
some embodiments, the configuration of the last storage unit
of the serially-connected storage units 1s different from the
configurations of other storage units.

FIG. 13 1s a schematic cross-sectional view 1illustrating a
one-bit memory cell for a nonvolatile memory according to a
fourth embodiment of the present invention.

In comparison with FIG. 1A, the last storage unit SUS has
no third n-doped region. Whereas, the third n-doped region 1s
replaced by an 1solation structure 53. For example, the 1sola-
tion structure 53 1s a shallow trench 1solation (ST1) structure.

As shown 1n FIG. 13, the fifth storage umt SUS comprises
a first n-doped region 51, a second n-doped region 52 and the
1solation structure 53, which are formed 1n the surface of a
p-substrate. A first channel region 1s formed between the first
n-doped region 51 and the second n-doped region 52. A first
gate structure 1s disposed over the first channel region. A third
channel region 1s formed between the second n-doped region
52 and the 1solation structure 53. A second gate structure 1s
disposed over the third channel region. The first gate structure
comprises a first gate oxide layer 54 and a first gate conductor
layer 55. The second gate structure comprises a second gate
oxide layer 56 and a second gate conductor layer 57. The first
gate conductor layer 55 1s connected to a fifth control signal
line C5. The second gate conductor layer 57 1s connected to a
fifth anti-fuse signal line AFS.

The concepts of the fourth embodiment may be combined
with the concepts of other embodiments. For example, in the
second embodiment, the third n-doped region of the last stor-
age unit of the one-bit memory cell may be replaced by an
1solation structure. Similarly, in the third embodiment, the
second n-doped region of the last storage unit of the one-bit
memory cell may be replaced by an 1solation structure.

While the invention has been described 1n terms of what 1s
presently considered to be the most practical and preferred
embodiments, 1t 1s to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it 1s 1mtended to cover various modifications and similar
arrangements 1ncluded within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What 1s claimed 1s:

1. A nonvolatile memory comprising a first one-bit
memory cell, wherein the first one-bit memory cell 1s formed
on a substrate, and the first one-bit memory cell comprises:

a first bit line; and

N storage units, wherein each of the N storage units com-

prises a first doped region, a second doped region and a
third doped region, which are formed in a surface of the
substrate, wherein a first gate structure 1s disposed over
a {irst channel region between the first doped region and
the second doped region, and a second gate structure 1s
disposed over a second channel region between the sec-
ond doped region and the third doped region,

wherein the first doped region of the first storage unit 1s

connected to the first bit line, the first gate structure of
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the first storage unit 1s connected to a first control signal
line, and the second gate structure of the first storage unit
1s connected to a first anti-fuse signal line, wherein the
first doped region of the m-th storage unit 1s connected to
the third doped region of the (im—1)-th storage unait, the
first gate structure of the m-th storage unit 1s connected
to an m-th control signal line, and the second gate struc-
ture of the m-th storage unit 1s connected to an m-th
anti-fuse signal line, wherein m 1s an integer larger than
or equal to 2 and smaller than or equal to N.

2. The nonvolatile memory as claimed in claim 1, further
comprising a second one-bit memory cell, wherein the second
one-bit memory cell comprises a second bit line and N storage
units, wherein each of the N storage units comprises the first
doped region, the second doped region and the third doped
region, which are formed in the surface of the substrate,
wherein the first gate structure 1s disposed over the first chan-
nel region between the first doped region and the second
doped region, and the second gate structure 1s disposed over
the second channel region between the second doped region
and the third doped region, wherein the first doped region of
the first storage unit 1s connected to the second bit line, the
first gate structure of the first storage unit 1s connected to the
first control signal line, and the second gate structure of the
first storage unit 1s connected to the first anti-fuse signal line,
wherein the first doped region of the m-th storage unit 1s
connected to the third doped region of the (im-1)-th storage
umt, the first gate structure of the m-th storage unit 1s con-
nected to the m-th control signal line, and the second gate
structure of the m-th storage unit 1s connected to the m-th
anti-fuse signal line.

3. The nonvolatile memory as claimed 1n claim 1, wherein
the first one-bit memory cell further comprises an (N+1)-th
storage unit, wherein the (N+1)-th storage unit comprises the
first doped region, the second doped region and an 1solation
structure, which are formed in the surface of the substrate,
wherein the first gate structure of the (N+1)-th storage unit 1s
disposed over the first channel region between the first doped
region and the second doped region of the (N+1)-th storage
unit, and the second gate structure of the (N+1)-th storage unit
1s disposed over a third channel region between the second
doped region and the 1solation structure of the (N+1 )-th stor-
age unit, wherein the first gate structure of the (N+1 )-th stor-
age unit 1s connected to an (N+1)-th control signal line, the
second gate structure of the (N+1)-th storage unit 1s con-
nected to an (N+1)-th anti-fuse signal line, and the first doped
region of the (N+1)-th storage unit 1s connected to the third
doped region of the N-th storage unit.

4. The nonvolatile memory as claimed 1n claim 1, wherein
the first gate structure of each storage unit comprises a first
gate oxide layer and a first gate conductor layer, and the
second gate structure of each storage unit comprises a second
gate oxide layer and a second gate conductor layer, wherein
the first gate oxide layer 1s thicker than the second gate oxide
layer.

5. The nonvolatile memory as claimed 1n claim 1, wherein
the substrate 1s a p-substrate, and all of the first doped region,
the second doped region and the third doped region are
n-doped regions.

6. The nonvolatile memory as claimed 1n claim 1, wherein
for recording a on state into the y-th storage unit, a program
voltage 1s provided to the first bit line, a rupture voltage 1s
provided to a y-th anti-fuse signal line, an on voltage 1s
provided to the control signal lines from the first control
signal line to a y-th control signal line and the anti-fuse signal
lines from the first anti-fuse signal line to a (y-1)-th anti-fuse
signal line, and an off voltage 1s provided to the control signal
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lines from a (y+1)-th control signal line to an N-th control
signal line and the anti-fuse signal lines from a (yv+1)-th
anti-fuse signal line to an N-th anti-fuse signal line, wherein
y 1s an integer larger than 1 and smaller than N.

7. The nonvolatile memory as claimed 1n claim 1, wherein
for recording an off state into the y-th storage unit, a non-
program voltage 1s provided to the first bit line, a rupture
voltage 1s provided to a y-th anti-fuse signal line, an on
voltage 1s provided to the control signal lines from the first
control signal line to a y-th control signal line and the anti-
tuse signal lines from the first anti-fuse signal line to a (y—1)-
th anti-fuse signal line, and an off voltage 1s provided to the
control signal lines from a (y+1)-th control signal line to an
N-th control signal line and the anti-tuse signal lines from a
(v+1)-th anti-fuse signal line to an N-th anti-fuse signal line,
wherein v 1s an integer larger than 1 and smaller than N.

8. The nonvolatile memory as claimed 1n claim 1, wherein
for reading the first one-bit memory cell, a bit line reading
voltage 1s provided to the first bit line, a first read control
voltage 1s provided to the control signal lines from the first
control signal line to a y-th control signal line, a second read
control voltage 1s provided to the anti-fuse signal lines from
the first anti-fuse signal line to a y-th anti-fuse signal line, and
an oif voltage 1s provided to the control signal lines from a
(v+1)-th control signal line to an N-th control signal line and
the anti-fuse signal lines from a (y+1)-th anti-fuse signal line
to an N-th anti-fuse signal line, so that the first bit line gen-
erates a reading current for reading a storage state of the y-th
storage unit, wherein y 1s an integer larger than 1 and smaller
than N.

9. The nonvolatile memory as claimed 1n claim 1, wherein
for reading the first one-bit memory cell, a bit line reading
voltage 1s provided to the first bit line, a first read control
voltage 1s provided to all of N control signal lines, and a
second read control voltage 1s provided to all of N anti-fuse
signal lines, so that the first bit line generates a reading cur-
rent.

10. A nonvolatile memory comprising a first one-bit
memory cell, wherein the first one-bit memory cell 1s formed
on a substrate, and the first one-bit memory cell comprises:

a first bit line; and

N storage units, which are connected with each other 1n

series, wherein each of the N storage units comprises a
control transistor and an anti-fuse transistor;

wherein a {irst terminal of the control transistor of the first

storage unit 1s connected to the first bit line, a gate
terminal of the control transistor of the first storage unit
1s connected to a first control signal line, a second ter-
minal of the control transistor of the first storage unit 1s
connected to a first terminal of the anti-fuse transistor of
the first storage unit, and a gate terminal of the anti-fuse
transistor of the first storage unit 1s connected to a first
anti-fuse signal line, wherein a first terminal of the con-
trol transistor of the m-th storage unit 1s connected to a
second terminal of the anti-fuse transistor of the (m-1)-
th storage unit, a gate terminal of the control transistor of
the m-th storage unit 1s connected to an m-th control
signal line, a second terminal of the control transistor of
the m-th storage unit 1s connected to a first terminal of
the anti-fuse transistor of the m-th storage umt, and a
gate terminal of the anti-fuse transistor of the m-th stor-
age unit 1s connected to an m-th anti-fuse signal line,
wherein m 1s an integer larger than or equal to 2 and
smaller than or equal to N.

11. The nonvolatile memory as claimed 1n claim 10, further
comprising a second one-bit memory cell, wherein the second
one-bit memory cell comprises a second bit line and serially-
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connected N storage units, wherein each of the N storage
units comprises the control transistor and the anti-fuse tran-
sistor, wherein a first terminal of the control transistor of the
first storage unit 1s connected to the second bit line, a gate
terminal of the control transistor of the first storage unit 1s
connected to the first control signal line, a second terminal of
the control transistor of the first storage unit 1s connected to a
first terminal of the anti-fuse transistor of the first storage unit,
and a gate terminal of the anti-fuse transistor of the first
storage unit 1s connected to the first anti-fuse signal line,
wherein a {irst terminal of the control transistor of the m-th
storage unit 1s connected to a second terminal of the anti-fuse
transistor of the (m-1)-th storage unit, a gate terminal of the
control transistor of the m-th storage unit 1s connected to the
m-th control signal line, a second terminal of the control
transistor of the m-th storage unit 1s connected to a first
terminal of the anti-fuse transistor of the m-th storage unit,
and a gate terminal of the anti-fuse transistor of the m-th
storage unit 1s connected to the m-th anti-fuse signal line.

12. The nonvolatile memory as claimed in claim 10,
wherein in each storage umit, a gate oxide layer of the control
transistor 1s thicker than a gate oxide layer of the anti-fuse
transistor.

13. The nonvolatile memory as claimed in claim 10,
wherein for recording a on state into the y-th storage umit, a
program voltage 1s provided to the first bit line, a rupture
voltage 1s provided to a y-th anti-fuse signal line, an on
voltage 1s provided to the control signal lines from the first
control signal line to a y-th control signal line and the anti-
fuse signal lines from the first anti-fuse signal line to a (y—1)-
th anti-fuse signal line, and an off voltage 1s provided to the
control signal lines from a (y+1)-th control signal line to an
N-th control signal line and the anti-fuse signal lines from a
(v+1)-th anti-fuse signal line to an N-th anti-fuse signal line,
wherein v 1s an mteger larger than 1 and smaller than N.

14. The nonvolatile memory as claimed in claim 10,
wherein for recording an off state into the y-th storage unit, a
non-program voltage 1s provided to the first bit line, a rupture
voltage 1s provided to a y-th anti-fuse signal line, an on
voltage 1s provided to the control signal lines from the first
control signal line to a y-th control signal line and the anti-
fuse signal lines from the first anti-fuse signal line to a (y—1)-
th anti-fuse signal line, and an off voltage 1s provided to the
control signal lines from a (y+1)-th control signal line to an
N-th control signal line and the anti-fuse signal lines from a
(v+1)-th anti-fuse signal line to an N-th anti-fuse signal line,
wherein v 1s an mteger larger than 1 and smaller than N.

15. The nonvolatile memory as claimed 1n claim 10,
wherein for reading the first one-bit memory cell, a bit line
reading voltage 1s provided to the first bit line, a first read
control voltage 1s provided to the control signal lines from the
first control signal line to a y-th control signal line, a second
read control voltage 1s provided to the anti-fuse signal lines
from the first anti-fuse signal line to a y-th anti-fuse signal
line, and an off voltage 1s provided to the control signal lines
from a (y+1)-th control signal line to an N-th control signal
line and the anti-fuse signal lines from a (y+1)-th anti-fuse
signal line to an N-th anti-fuse signal line, so that the first bit
line generates a reading current for reading a storage state of
the y-th storage unit, wherein y 1s an integer larger than 1 and
smaller than N.

16. The nonvolatile memory as claimed 1 claim 10,
wherein for reading the first one-bit memory cell, a bit line
reading voltage 1s provided to the first bit line, a first read
control voltage 1s provided to all of N control signal lines, and
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a second read control voltage 1s provided to all of N anti-fuse
signal lines, so that the first bit line generates a reading cur-
rent.

17. A nonvolatile memory comprising a first one-bit
memory cell, wherein the first one-bit memory cell 1s formed
on a substrate, and the first one-bit memory cell comprises:

a first bit line; and

N storage units, wherein each of the N storage units com-

prises a first doped region and a second doped region,
which are formed 1n a surface of the substrate, wherein a
gate structure 1s disposed over a channel region between
the first doped region and the second doped region,
wherein the gate structure comprises a gate oxide layer
and a gate conductor layer, wherein the gate oxide layer
comprises a first part and a second part, the first part 1s
thicker than the second part, and the gate conductor layer
1s formed over the gate oxide layer,

wherein the first doped region of the first storage unit 1s

connected to the first bit line, and the gate structure of the
first storage unit 1s connected to a first control signal line
and a first anti-fuse signal line, wherein the first doped
region of the m-th storage unit 1s connected to the second
doped region of the (m-1)-th storage unit, and the gate
structure of the m-th storage unit 1s connected to an m-th
control signal line and an m-th anti-fuse signal line,
wherein m 1s an integer larger than or equal to 2 and
smaller than or equal to N.

18. The nonvolatile memory as claimed in claim 17,
wherein the first one-bit memory cell further comprises an
(N+1)-th storage unit, wherein the (N+1)-th storage unit com-
prises the first doped region and an 1solation structure, which
are formed in the surface of the substrate, wherein the gate
structure of the (N+1 )-th storage unit 1s disposed over another
channel region between the first doped region and the 1sola-
tion structure of the (N+1)-th storage unit, wherein the gate
structure of the (N+1)-th storage unit 1s connected to an
(N+1)-th control signal line and an (N+1 )-th anti-fuse signal
line, and the first doped region of the (N+1)-th storage unit 1s
connected to the second doped region of the N-th storage unat.

19. The nonvolatile memory as claimed in claim 17,
wherein for recording a on state into the y-th storage unit, a
program voltage 1s provided to the first bit line, a rupture
voltage 1s provided to a y-th anti-fuse signal line, an on
voltage 1s provided to the control signal lines from the first
control signal line to a y-th control signal line and the anti-
tuse signal lines from the first anti-fuse signal line to a (y—1)-
th anti-fuse signal line, and an off voltage 1s provided to the
control signal lines from a (y+1)-th control signal line to an
N-th control signal line and the anti-fuse signal lines from a
(v+1)-th anti-fuse signal line to an N-th anti-fuse signal line,
wherein v 1s an mteger larger than 1 and smaller than N.

20. The nonvolatile memory as claimed 1n claim 17,
wherein for recording an off state into the y-th storage unit, a
non-program voltage 1s provided to the first bit line, a rupture
voltage 1s provided to a y-th anti-fuse signal line, an on
voltage 1s provided to the control signal lines from the first
control signal line to a y-th control signal line and the anti-
tuse signal lines from the first anti-fuse signal line to a (y—1)-
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th anti-fuse signal line, and an off voltage 1s provided to the
control signal lines from a (y+1)-th control signal line to an
N-th control signal line and the anti-fuse signal lines from a
(v+1)-th anti-fuse signal line to an N-th anti-fuse signal line,
wherein v 1s an integer larger than 1 and smaller than N.

21. The nonvolatile memory as claimed in claim 17,
wherein for reading the first one-bit memory cell, a bit line
reading voltage 1s provided to the first bit line, a first read
control voltage 1s provided to the control signal lines from the
first control signal line to a y-th control signal line, a second
read control voltage 1s provided to the anti-fuse signal lines
from the first anti-fuse signal line to a y-th anti-fuse signal
line, and an off voltage 1s provided to the control signal lines
from a (y+1)-th control signal line to an N-th control signal
line and the anti-fuse signal lines from a (y+1)-th anti-fuse
signal line to an N-th anti-fuse signal line, so that the first bit
line generates a reading current for reading a storage state of
the y-th storage unit, wherein y 1s an integer larger than 1 and
smaller than N.

22. The nonvolatile memory as claimed in claim 17,
wherein for reading the first one-bit memory cell, a bit line
reading voltage 1s provided to the first bit line, a first read
control voltage 1s provided to all of N control signal lines, and
a second read control voltage 1s provided to all of N anti-fuse
signal lines, so that the first bit line generates a reading cur-
rent.

23. A method for controlling a one-bit memory cell of a
nonvolatile memory, the one-bit memory cell comprising a bit
line and N storage units, the N storage units being connected
with each other 1n series, the bit line being connected to a first
storage unit of the N storage units, the method comprising
steps of:

(a) if the one-bit memory cell needs to be programmed,
programming a X-th storage umit, so that a storage state
of the x-th storage unit 1s provided when the one-bit
memory cell 1s read;

(b) 11 the one-bit memory cell needs to be erased, 1gnoring
the storage state of the x-th storage unit; and

(c) 1f the one-bit memory cell needs to be programmed
again, programming a (x-1)-th storage unit, so that a
storage state of the (x-1)-th storage unit 1s provided
when the one-bit memory cell 1s read, wherein X 1s an
integer larger than or equal to 2 and smaller than or equal
to N.

24. A method for controlling a one-bit memory cell of a
nonvolatile memory, the one-bit memory cell comprising a bit
line and N storage units, the N storage units being connected
with each other 1n series, the bit line being connected to a first
storage unit of the N storage units, the method comprising
steps of:

(a) if the one-bit memory cell needs to be programmed,
sequentially programming the N storage units in N pro-
gram cycles, so that a storage state 1s recorded into all of
the N storage units; and

(b) 1f the one-bit memory cell needs to be read, providing
the storage state of the N storage units simultaneously.

[

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

